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CHAP'IER I 
IN'IRODUCTION 
There is need of a reliable, yet time-saving method to determine 
relative reading difficulty of mathematic materials. Many methods 
have been devised to determine readability of written materials., but 
the least time-consuming to use have been the readability formulas. 
Most formulas are effective only llhen used with materials of the lower 
elementary grades. The Flesch formula is one o:f the few actually 
constructed to measure the reading level of adults. This formula has 
been used successfUlly in determining reading-ease in many :fields, but 
research has :failed to reveal whether it has either been used or tested 
in the field of mathematics. 
I. THE PROBLEM 
Statement o.f the problem. The purpose of this study l'ffi.B t o deter-
mine whether the Flesch readability formula could be used as a valid 
indicator of reading-ease of explanatory matter in ninth-grade algebra. 
textbooks. 
Justification of the problem. There is sufficient difficulty in 
the mathematical concepts of algebra. at the ninth-grade level without 
adding the burden of reading matter tha.t is more suited for students 
of a higher grade level. Tbo often the algebra teacher is expert at 
deciding the depth a.nd width of mathematics that a pupil can be expected 
to grasp, yet is at a loss to judge the amount of comprehension the 
pupil gains from a written explanation. Reading-level of a textbook is 
an important criterion used in the selection of texts. Availability 
of several textbooks on the same subject matter, but at different levels 
of reading difficulty, is a help in providing for individual differences 
in reading ability. A graded list of related readings such as magazine 
articles, pamphlets, and books aid in getting the right material to 
the right pupil. Above all, the teacher needs to know how well and 
how easily a pupil can gather meaning from the textbook explanation 
of the subject matter being studied. 
Breslich has stated that: 
Textbooks are supposedly written for pupils and 
not primarily for the teacher. Hence, the language 
and vocabulary should be suited to the pupils of the 
particular level of school life for whom the book is 
intended. Difficulties are not always mathematical. 
They often arise in reading and problem-solving be-
cause the pupil misunderstands or is ignorant of the 
meaning of the terms used or because statements of 
problems are vague or ambiguous .1 
II. DEFINITIONS OF TERMS USED 
Readability. Readability was interpreted in this study as a 
comparison o.f the relative ease of comprehension of one passage with 
others. The term implies that there are structural characteristics of 
written materials which, aside from the difficulty of the subject matter 
involved, enhances or hinders reader understanding. 
1.. Ernst R. Breslich, The Administration of Mathematics in 
Secondary Schools, University of Chicago Press, Chicago, Illinois, 
1933, p·.145 
2 
Reading-ease. Reading-ease was interpreted as being synonomous 
with readability and was used in this study to represent the amount 
of understanding that is promoted by an author's style. Thus, the 
reading-ease scores determined by the Flesch formula are numerical 
values which place written materials on a scale of readability from 
zero to one hundred. 
Readability formulas. Readability formulas as used in this 
study referred to all methods of grading reading materials that employ 
objective measuring devices and attempt to place the material according 
to a scale of readability. 
III. ORGANIZATION 
A review of the literature was made to investigate previous 
studies of readability in mathematics and in other fields. Readability 
formulas were examined and special emphasis was given to validity and 
reliability studies of the Flesch formula. 
From the review of past research, several techniques of valida-
tion were found. In this study the readability of certain passages 
found in first-year algebra textbooks was determined by tests admin-
istered to pupils reading the passages. The relative reading-ease 
so determined was compared to the results obtained by the Flesch 
formu.la. The degree of correlation between the reading-ease scores 
obtained by both methods was assumed to indicate the validity of the 
formula. 
The sixty-six pupils who t ook part in the investigation were 
3 
members of the nenth-grade of Amesbury High School The range of in-
1 
telligence quotients (S. R. A.) was from 81 to 135. A match-rotate 
method was used for equating the factors of reading ability, as indi-
cated by I. Q. scores, and easy and difficult reading matter, as 
determined by Flesch scores. 
1. Science Research Associates, "8. R. A. Primary Mental Abilities 
for Ages 11 to 17 11 
4 
CHAPI'ER II 
REVIEW OF 'IHE LITERA 'l'URE 
'!here have been a great number of studies made in the general 
area of readability and readability formulas. Most important to the 
scope o.f this paper, perhaps, are those studies primarily concerned 
with mathematics and, in view of the scarcity of such studies, with 
its allied field, science. Of importance, also, are the evaluations 
and criticisms of readability formulas in general, and the Flesch for-
mula in particular. 
I. READING DIFFICULTY OF MA'lHEMATICS TEXTBOOKS 
Only two studies of reading difficulty of mathematics textbooks 
1 
at the secondary school level were found. Yorke compared thousand-
word samples from three Junior High School mathematics texts (7-8, 8-9, 
9 grade-levels) with Thorndikes 1 list of 10,000 most commonly used words. 
Some of her conclusions were that the vocabular,y for all of the texts 
was too high; six to eight percent of the words were not common to 
adults• vocabulary, as well as children's, and the distribution of 
2 
difficult words was too heavy at the beginning of the texts. 
1. Gertrude Cushing Yorke, "Study of the Vocabulary Burden of 
Three Junior High School M3. thema ties Te:x:ts," unpublished J.Bster' s 
Thesis, Boston University School of Education, 1927 
2. Ibid., pp. 39-48 
1 
A more recent study by Faison, used the Flesch formula to com-
pare the readability of all texts used in the fifth through eighth 
grades in two school systems. Faison found that mathematics texts had 
the lowest reading-ease scores compared with science, history, English, 
and literature. '!he mean score of all mathematics texts was lower than 
the mean of all eighth grade texts. 
II READING DIFFICULTY OF O'IHER TEX'IBOOKS 
Many studies of other textbooks have been made using the Flesch 
formula. Mallinson has made a series of studies of science textbooks, 
2 3 
namely: elementary-school science, junior-high-school science, 
4 5 6 
biology, chemistry, and physics. In general, he found a wide 
range in the reading levels of textbooks in each subject, as well as 
1. W. W. J. Faison, "Readability of Children's Textbooks," Journal 
of Educational Psychology, 42:43-51, January, 1951 
2. George G. Mallinson, et al, "Reading Difficulty of Textbooks in 
Elementary Science," Elementary School Journal, 50:460-463, April, 1950 
3. , "Reading Difficulty of Textbooks in Junior High-school 
Science," School Review, 58: 536-540, December, 1950 
4. , "Reading Difficulty of Textbooks for High-school 
Biology, 11 American Biology Teacher, 12:151-156, November, 1950 
5. , "Reading Difficulty of Textbooks for High-school Chem-
istry," Journal of Chemical Education, 29: 629-31, December, 1952 
6. , 11Reading Difficulty of Textbooks for High-school 
Physics, •• Science Education, 36: 19-23, February, 1952 
6 
a large variation in passages from the same text. In his s.tudy of' 
twenty-six biology texts, for example, the range in reading-level of the 
texts was from sixth-grade completed to tenth-grade, with an average of 
eighth-grade completed. Passages in one text varied from sixth-grade 
completed to college-completed. In twenty of the twenty-six books he 
found passages that would be difficult for below-average students in 
1 
the ninth-grade. 
In another study the Flesch formula was also used to determine 
the level of reading difficulty in each of two texts in general sci-
ence, biology, chemistry, and physics. With the exception of one phy-
s:Lcs text, all books were at a reading level too difficult for all 
2 
but the brightest pupils. 
III. THE CASE FOR READABILITY FORMULAS 
Basically, most readability formulas attempt to measure one or 
more of the following: vocabulary difficulty, length of sentence, 
sentence structure, and number of syllables per 100 words. The Flesch 
formula for reading-ease uses average length of sentences and number 
of syllables per 100 words (a measure of "W;;'.cabulary difficulty). 
Several studies have been made which, although not attempting to val-
idate readability formulas as such, do emphasize the importance of the 
1. Mallinson, op. cit., pp. 154-6 
2. Jane G. M9.cNeil, 11An Analysis of Textbooks to Determine the 
Level of Reading Difficulty, tt unpublished J&l.ster' s Thesis, Boston 
University School of Education, 1952, p. 26 
7 
criteria used. One such study has sholm that a number of types of sen-
tence structure are factors in comprehension difficulty for grade eight 
or persons of equivalent reading ability. One of the chief factors 
1 2 
found was length of sentence. Dolch listed vocabular,y and sentence 
length as the two most important factors in reading difficulty. 
Tbe importance of vocabulary and structural aspects of written 
matter in mathematics texts is shown in their use as part of the cri-
3 
teria used in selecting texts. Jensen asks, in an example of a score 
card used in evaluating arithmetic texts, "Is the book made up with a 
4 
vocabulary suitable for the grade? How has the vocabulary been checked?" 
He also found from an examination of thirty-eight score cards that 
twenty-two of them listed adaption of vocabulary to grade as an eval-
5 
uative criterion. In a study of criteria to be used in selecting a 
first-year algebra textbook, a majority of the one hundred fifty-eight 
1. H. R. Mullen, "Comprehension Difficulties of Various Sentence 
Structures at the Upper Grade Level," unpublished Master's Thesis, 
Boston University School of Education, 1943, p. 64 
2. E. W. Dolch, uuse of Vocabulary Tests in Predicting Readability 
and in Developing Reading Mate·rials," Elementary English, 26: 142-149, 
March, 1949 
3. Frank A. Jensen, Current Procedure in Selecting Textbooks, 
J. B. Lippincott Company, Philadelphia, 1931 
4. ~., p. 130 
5. Ibid., p. 13S 
8 
mathematics teachers in M3.ssachusetts questioned, placed a "much" 
emphasis on: "Ease of pupil comprehension should be a keynote through-
1 
out the entire text"; "All material should be at the reading level of 
the average ninth-grade student, with particular emphasis on word 
2 3 
problems" Reardon, et al, in their analyses of secondary school 
mathematics books included in their check list the questions: "Is 
4 
the book made up with a vocabulary sui table for the grade?" "Is 
5 
the literary quality good?" . A typical comment on a text by them is 
that, "A study of the authors' style and treatment shows that the 
topics are. discussed in a. language comprehensible to ~~e pupil of 
6 
the intended grade level." They do not mention what method they 
used to arrive at such a conclusion. This study hopes to show that 
the use of the Flesch formula would remove some of the subjectivity 
from such a report. 
1. Harry William McKay, "Criteria for Selecting a First-Year 
Algebra Textbook," unpublished Master's Thesis, Boston University, 
School of Education, 1951, p. 74 
2. Loc. cit., p. 74 
3. Lillian S. Reardon, et. al., "Analysis of Existing Mathema-
tics Textbooks for Use in Secondary Schools":; unpublished Master's 
Thesis, Boston University, School of Education, 1951 
4. Ibid., p. 25 
5. Loc. cit. 
6. Ibid, p. 157 
-=r 
An investigation into readership of articles in a midwestern 
1 
farm paper has lead Lyman to re·port a consistent increase in reader-
ship where the Flesch count was applied before publication of the 
article. He considers the application of the formula to the editing 
of materials "at least· a contributory factor to this increased 
2 
popularity." 
D1. 'IHE CASE AGAINST READABILITY FORMULAS 
3 
Flesch, himself, gives one of the best criticisms of attempts 
at measuring readability: 
Of course, readability is relative: what is readable 
for one person ma.y be unreadable for the next one. However, 
a measurement formula disregards such differences, just as 
a the·rmometer disregards individual differences in "normal" 
temperature; it estimates readability for the mythical "aver-
age adult modern American reader. tt4 
S" Dale and Chall point out that a formula can be us·ed for a rough 
estimate of a book, pamphlet, or article: 
However, we must realize that the available formulas 
measure only one aspect of difficulty--expressional or struct-
ural difficulty. Only such !actors as vocabulary and sentence 
structure are measured. The readability formulas do not 
1. Howard B. Lynan, "Flesch Count and the Readership of Art-
icles in a Midwestern Farm Paper," Journal of Applied Psychology, 
33: 78-80, February, 1949 
2. Ibid., p. 79 
3. Rudolf Flesch, How to Mike Sense, Harper and Brothers, 
New York, 1954 
4. ~., P• 195 
5. Edgar Dale and Jeanne S. Chall, "Technique for Selecting 
and Writing Readable J.Bterials," Elementary English, 26:25Q-258, Jay, 1949 
' j_Q 
directly measure conceptual difficulty, organization of 
the material, abstractness of subject matter--all known 
to affect comprehensibility. Results from formulas should, 
therefore, be interpreted eautiously.1 
2 
Swanson and Fox investigated the value of formulas for 
predicting retention, readership, and comprehension by readers. 
Easier and harder versions of twelve articles were used and were 
printed in three monthly issues of a company newspaper. Re'SUlt ·s of 
tetting two samples of 128 employees indicated that, 'While formulas 
can predict some differences in comprehension between versions of the 
same material, they cannot be used to predict differences in reader-
ship and retention. These last differences, they believe, are deter-
mined more by motivational factors inherent in the content rather than 
by readability of the material. However, they do state that "this 
does not gainsay the possibly greater importance of readability where 
individuals are required to read and study as in classrooms and train-
3 
ing situations." 
4 
Lorge questions the criterion used in mos.t formulas (including 
Flesch's): the amount of comprehensibility in a given passage. Read-
ing scores, he states, are usually derived from a comparison of the 
person's reading ability, as measured by some well established 
1. Ibid., p. 254 
2. Charles E. Swanson and Harland G. Fox, "Validity of Reada-
bility Formulas," Journal of Applied Psychology, 37:114-118, April, 1953 
3. ~., p. 118 
4. Irving Lorge, "Readability Formulae: Evaluation," Elemen-
tary English, 26:.86-95, February, 1949 
:1:1 
reading test, with a score of reading comprehension for each specific 
passage, measured by asking questions about the content of the pass-
age. It is the questions asked, he claims, wherein the weakness lies. 
Questions stated in simple language about easy and common ideas invite 
higher scores than the converse. 11 'Ihe net result is that the proced-
ure for measuring the comprehension of a passage influences the rating 
1 
of it." 
V. RELIABILITY AND VALIDITY S'IUDIES OF THE FLESCH FORMULA 
Although no studies were found which test the validity of the 
Flesch formula when used With mathematics materials, several investi-
2 
gations have been made with other types of materials. One such study 
compared the ratings of twelve popular books of juvenile fiction ob-
tained by six different readability formulas--the Dale-Chall, Flesch, 
Lewellnz, Lorge, Washburne-Morphett, and Yoakam formulas. The results 
of each of the six formulas were related to the ratings of the same 
books by sixty-three children's librarians working in ten states. It 
was found that "the Dale-Ghall, Flesch, and Lorge formulas most closely 
3 
approximate the ratings of the children's librarians." 
1. Ibid., p. 89 
2. D. H. Russell, and H. R. Fea, "Validity of Six Readability 
Formulas as Measures of Juvenile Fiction, 11 Elementary School Journal 
52: 136-144, November, 1951 
3. Ibid., p. 139 
t 2 
1 
Michaelis and T.yler determined the readability of certain 
United Nations publications by the Lorge, Flesch, and Dale-Ghall for-
mulas and compared the scores found by each formula with the scores 
that seventy-eight pupils of known reading ability received on an 
objective test based on the publications. 'Ihey concluded that '*the 
Flesch and the Dale:-Ghall formulae estimate the readability of this 
type of material somewhat more accurately than does the Lorge formula, 
2 
if level of reading ability is used as the criterion." 
3 
Gilinsky tested the validity of the Flesch fornn.1la against a 
scale of judged readability. Seventy-five samples of prose from 
various sources, including pulp fiction and technical treatises, were 
rated for reading ease. The median judged values were correlated with 
the Flesch scores on the samples. Correlations between readability 
judgments and Flesch scores ranged from .61 to .84 
4 
Flesch analysed a study of visual fatigue which measured the 
physical differences in the reading process of forty students reading 
Lorna Doone and 'Ihe Wealth of Nations. 'Ihese noticeable differences 
5 
can be seen on the next page: 
1. J. R. Michaelis, and F. T. T.yler, "Comparison of Reading 
Ability and Readability," Journal of Educational Psychology, 42:491-498, 
December, 1951 
2. ~., p. 497 
3. Alberta S. Gilinsky, "How Valid is the Flesch Readability 
Formula?", American Psychologist, 3:261, July, 1948 
4. Rudolf F. Flesch, "New Facts About Readability," College 
English, 10: 225-226, Januar,y, 1949 
5. ~., p. 226 
Objective Aspect 
(Lorna{'Ihe Wealth 
Doone)of Nations) 
Average number of words read between blinkings 
" " " " " " fixations 
11 " 11 u tt n regressions 
" student rate of reading (words per minute) 
28.3 
1.24 
4.00 
267 
16.3 
.94 
2.54 
196 
In addition to these physical differences, the average student 
did far better on comprehension te·sts about Lorna Doone than on tests 
about The Wealth of Nations. A comparison of the two books by the 
Flesch formula gives Lorna Doone a score of readability 77 {seventh-
grade level) and The Wealth of Nations a. score of 43 (college level). 
Flesch concludes from the above study: 
1. The average student reads difficult materials more 
slowly than he reads easy fiction-decreasing his speed 
roughly in proportion to the increase in average word 
length. 
2. The average student, when faced with difficult reading 
matter, does not change his habitual reading rhythm (number 
of eye fixations per minute) but reverts to other responses 
like increased blinking and increased right-to-left eye 
movements. 
3. These typical changes in reading procedures are usually 
inadequate, and the average student's comprehension of 
difficult material remains below his comprehension of easy 
fiction.l 
An examination of analyst-to-analyst reliability of the Flesch 
2 
formula has been conducted by Hayes and Jenkins.. Results of applica.-
tions of the formula to the same samples by both experienced and 
inexperienced analysts were compared. The conclusions arrived at 
1. Loc. cit. 
2. Patricia M. Hayes, and James J. Jenkins, "Reliability of 
the Flesch Readability Formulas, 11 Journal of Applied Psychology, 
34: 22-26, February, 1950 
were as follows : 
1. Analyst-to-analyst reliability of 110rd length, sen-
tence length, and reading ease is quite high for the kinds 
of materials used in this study. 
2. Analyst-to-analyst reliability of personal words is 
fair, but on personal sentences (and as a result on human 
interest) is lower than might ordinarily be conside·red 
desirable. 
3. For practical purposes the Flesch formulas and the 
directions for their use are sufficiently objective to be 
used even by inexperienced analysts to obtain estimates of 
the reading-ease and human interest of written material.! 
VI. SUMMARY 
A review of the literature pertinent to this study has shown 
the importance of readability in mathematics: (1) because of the 
reading difficulty found in the two studies of mathematics text-
books; (2) because o.f the wide use of the concept of readability in 
evaluating texts of mathematics. This evaluation, however, has been 
almost entirely subjective; perhaps, through lack of a valid measur-
ing device. Readability formulas have been used as such a device in 
one study of mathematics texts and in many studies of other materials. 
Validity studies of the use of such formulas, particularly Flesch's, 
with these other various materials have been very favorable. However, 
none has been made with mathematics materials. Criticisms of the 
formulas dealt primarily with their limitations--hence a warning on 
making broad generalizations and dogmatic conclusions from the results. 
1. l!lli!· , p. 26 
_15 
Previous studies, then, emphasize the importance of, but do 
not answer the question: Is the Flesch formula a valid measuring 
device in determining readability of passages in first-year-algebra 
textbooks? 
1.6 
CHAP'IER III 
PROCEDURES AND TECHNIQUES USED 
In determining the validity of the Flesch formula when used with 
mathematics materials, the first step was to select the materials to 
be tested. These materials were then graded by the application of the 
formula and by a testing device administered to the pupils. A test 
that would indicate relative reading difficulty was constructed, and 
the resulting data were obtained. In the treatment of the data cer-
tain assumptions had to be made. The sections that follow discuss 
these procedures and techniques in detail. 
I. SELECTION OF MATERIALS 
Several criteria seemed important in the selection of topics: 
(1) the subject matter should be taught near the end of a first-year 
algebra course; (2) the topic must be included in a majority of first-
year algebra textbooks published since 1946; (3) the topics should be 
introduced in texts normally with a minimum of numerical notation. 
'Ihe topics Ratio and Indirect Measurement were chosen from among sev-
eral that satisfied the above criteria. 
Within the topics themselves, it seemed necessary to fulfill cer-
tain conditions before two passages on each topic could be selected 
from the texts. 'Ihe two passages on ratio, as well as the two on 
indirect measurement, should show a difference in reading-ease as 
indicated by the Flesch formula. Both passages on the same topic should 
be approximately equal in length. The approach to the topic and the 
depth to which it is discussed should be similar in each of the two 
selections. 
No passages on the same topic could be found that satisfied all of 
the above conditions. However, by first selecting passages that showed 
a difference of reading-ease, and then choosing those that were alike 
in approach and depth, the criteria of length could be satisfied by 
omitting or adding sentences. This would insure the topic of receiving 
equal treatment in both passages, although it does, undoubtedly, change 
the authors' total effectiveness. The passages in the final form, 
then, as they appear in the Appendix, are not exact copies of naterials 
appearing in their respective texts. 
II. APPLICATION OF THE FLESCH FORMULA 'ID 'lliE MA'IERIALS 
The Flesch formula is actually two formulas: one part endeavors 
to measure reading-ease; the second attempts to measure hunan interest. 
This latter part of the formula was not included in this study prin-
cipally because it did not fit into the measuring device used here 
and would involve an entirely new study. The reading-ease score is 
determined by two factors: (1) average sentence length, and (2) average 
word length. 
1 
The steps used, as suggested by Flesch, to find the reading-ease 
1. Rudolf Flesch, How to Test Readability, Harper & Brothers, 
New York, 1951 
JR 
scores were as follows: 
1. Count the words in the sample. 
Count as a word all letters, numbers, or 
symbols, or groups of letters, numbers, or 
symbols, that are surrounded by white space. 
Count contractions and hyphenated words as one 
word. For example, count each of the following 
as one word: 1948, $19,892, e. g., C. 0. D., 
wouldn't, week-end.l 
2. Figure the average sentence length. 
Count all the sentences and then divide the 
number of words by the number of sentences, 
rounding off the result, For e:xa.mple, if you 
have 183 words and 9 sentences, the average 
sentence length is 20 • 
•............................................•. 
In counting sentences, count as a sen-
tence each unit of thought that is grammati-
cally independent of another sentence or clause, 
if its end is marked by a period, question mark, 
exclamation point, semicolon, or colon. Incom-
plete sentences or sentence fragments are also 
to be counted as sentences.2 
3. Figure the average word length in syllables • 
• •• count all syllables and divide the total 
number of syllables by the number of words. 
In the formula, this measure is expressed as the 
number of syllables per hundred words; there-
fore, multiply your result by 100 • 
......•......•................................. 
Count syllables the way you pronounce 
the word.... Count the number of syllables in 
symbols and figures according to the way they 
are normally read aloud.3 
1. ~., pg. 2 
2. .ill£., pg. 2 
3. 1£!.<!., pp. 3-4 
"_l ,, 
4. Find your reading-ease score. 
Multiply the average sentence length by 
1.015. MUltiply the number of syllables per 
100 words by • 846. Add the two products and 
subtract this sum from 206.835. The difference 
is the reading-ease score.l 
III. CONSTRUCTION OF THE ~~ING TEST.S 
Two previous studies to determine readability were used to con-
2 3 
duct the tests for this study. The Gray-Leary and the Newton in-
vestigations used an objective testing device to measure comprehen-
sion of reading material as a means of determining relative 
reading-ease. 
The former based their selection of the aspects of comprehension 
to be tested upon two assumptions: (1) the essential meaning in the 
form of a general impression is the outcome most frequently de-
manded; (2) the gaining of specific information is the reason for a 
large amount of reading. '!hey further assumed that a test of the 
outcome in the first case indirectly measure the second. This last 
assumption was not accepted in this study, but rather, in line with 
1. Loc. cit. 
2. William S. Gray, and Bernice E. Leary, What Ml.kes A Book 
Readable, University of Chicago Press, Chicago, 1935 
J. J. Roy Newton, "A Technique For Determining the Difficulty 
of Reading ~ terial at the Secondary School Level", unpublished 
Doctor's Dissertation, Boston University, School of Education, 
1948 
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Newton • s technique, these tests were devised to measure achievement 
of both essential meaning and specific information. 
To measure achievement of essential meaning five statements on the 
content of the passages were employed. Pupils were asked to select 
the statement that best summarized the entire passage, as well as the 
false statement. Eight questions of the multiple-choice type were 
included to measure knowledge of specific information gained. Such 
information included understanding of symbols, vocabulary words, and 
procedures. 
The greatest difficulty was in choosing test items that were 
treated with equal emphasis by both passages concerned. However, 
since the passages were chosen originally for similarity in approach 
and depth, many items of specific information were found collD'IlOn in 
each set of passages. These items, then, were chosen to form the 
tests. 
The reading teats used in this study are in the Appendix. 
IV .. ADMINISTRATION OF 'IHE TESTS 
The pupils tested included sixty-six ninth-grade students taking 
a first course in algebra at Amesbury High School. (Two students 
were omitted for reasons given below). '!he pupils were lls.ted accord-
ing to I. Q. _! s and then rna tched according to equal or near-equal 
scores. 
A further pairing according to their algebra period was made 
when many pupils were found to have the same I. Q. score. 'Ihis seemed 
advisable because the school was functioning under a two-platoon sys-
tem which made it necessary to administer the test during the regu-
lar school periods.. By pairing according to periods, where possible, 
it was hoped that differences in fatigue due to a different time of 
testing would be reduced. It was also necessary to omit from the re-
sults two pupils (one at each end of the scale) whose I. Q's differed 
considerably from those nearest them. 
The passages were rotated so that one pupil in each pair received 
the difficult passage on ratio and the easy passage on indirect meas-
urement, while the second pupil in each pair received the easy passage 
on ratio and the difficult passage on indirect measurement. To fac-
ilitate the passing out of test materials in the classroom, pupils 
were seated according to the set of passages they were to receive--
one group on one side of the room, the second group on the other. 
The pupils were told that the test was being given to determine 
their reading ability in mathematics and, in answer to the expected 
question, that the score would be part of their personal record, and 
not part of their grade for the course. Fifteen minutes were allowed 
for the test on ratio and ten minutes for indirect measurement. Both 
time allotments were selected arbitrarily, but were found to be suffi-
cient for all students. Both the passage and the test questions were 
in the pupils' possession during the full time of each test. It is 
possible that a better measure of achievement could have been secured 
22 
by separating the reading and answering parts of the tests. However, 
this was not done because the tests were primarily of understanding and 
not of retention of the reading matter. 
V. DATA NEEDED 
A method of equating pupils as to reading ability was necessary. 
Since intelligence quo.t ients as determined by standard testing devices 
are accepted as reliable indicators of reading ability, and because 
they were readily avail able for the group tested, intelligence quotients 
determined by the S. R. A. were used. An added advantage in the use 
of I. Q. scores is their wide use in schools today and the availability 
of correlations between intelligence quotients determined by different 
tests. Hence, comparisons can be made easily or additional data secured 
with no change in the methods used in this study, should further stud-
ies be made in the area of this investigation. 
However, since the reading matter used in this investigation was 
of a mathematical nature, it seemed important that any influence of 
mathematical ability on reading-test scores should be measured. Eighth-
grade marks in mathematics were considered as indicators of the pupil s' 
ability to use and understand mathematical terminology and methods. 
Finally, reading-test scores on the passages as well as Flesch 
scores were found. The former were simply the number of correct re-
sponses made by each pupil. The method of determining Flesch scores 
has been discussed in Section II of this chapter. 
I] 
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VI. 'IREA TMENT OF DATA 
When all the data above were collected, the answers to the follow-
ing questions were sought: 
A. Which passages were more readable according to the Flesch 
formula? 
B. Which passages were more readable according to the scores 
of pupils on the tests? 
C. What influence did mathematical ability have on the test 
scores? 
D. Does the readability indicated by A and B above agree? 
To what degree? 
Since Flesch scores attempt to show relative reading-ease, that is, 
that one passage is more readable than another, they were not assumed 
in this study to be absolute grades. In the same sense, readability 
determined by the pupils' scores was relative. Comparison of the dif-
ferences in reading-ease of two passages should best be described, then, 
by such words as "much", "little", or "none", rather than more de fin-
itive and hard-fast numerical terms. 
However, certain statistical procedures were necessary. Since 
I. Q. scores were used as indicators of reading ability as stated on 
the preceding page, correlations between I. Q. scores and reading-test 
scores were sought by Spearman's rank-order formula in order to measure 
how well the tests discriminated between levels of reading ability. 
Arithmetic means and standard deviations for test scores on each pass-
age were needed to facilitate. comparisons of test results. The means 
= 
II 
I 
II 
of test scores of pupils grouped according to eighth-grade mathematics 
marks were found, also, for comparison purposes. 
VII. SUMMARY 
Two sets . of passages were selected from four first-year algebra II 
textbooks. The passages of each set, although discussing the same 
topic, had a difference in reading-ease according to the Flesch formula 
A testing device was made for each set to determine any difference in 
reading-ease shown by a group of pupils. The pupils were matched in 
pairs according to similar reading ability and the difficult and easy 
passages were rotated between the matched pupils. A provision was made 
for any effect caused by differences in mathematic ability. It 1ms 
found that certain assumptions had to be made: {1) intelligence quot-
ients were reliable indicators of reading ability; (2) eighth-grade 
mathematics marks were reliable indicators of ability and knowledge of 
mathematics; (3) the I. Q. scores and eighth-grade marks used were the 
true scores: for each individual; (4) both passages in each pair an-
swered their respective test questions equally well; (5) topics selec-
ted were equally unfamiliar to all students. Finally, to determine 
the validity of the Flesch formula, a comparison was made between the 
readability of the passages as determined by the formula and by the 
reading-tests. 
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CHAP'IER IV 
APPLICATION OF 'IHE PROCEDURES AND 'IECHNIQW_,S 
After the forgoing procedures and techniques were selected, they 
were divided into two main aspects: those that pertained to the de-
termination of readability by formula and those that pertained to the 
determination of readability by pupil comprehension. 
I. READING-EASE SCORES DE'lERMINED BY 'IHE FLESCH FORMULA 
The first procedure was to determine t he reading-ease of each 
passage by the application of the Flesch formula. The first passage 
on ratio, to be referred to as IA hence forward, was found to have 
330 words, 19 sentences, and 535 syllables. From this data the aver-
age sentence was found to be 16 words in length and the number or 
syllables per 100 words was 162. From the formula given in Section II 
(4) of Chapter III: 
Reading-ease score= 206.835 - (1.015 x average sentence length 
+ .846 x number of syllables per hundred 
words) 
R.E. :. 206.835 - (1.015 X 16 + .846 X 162) 
R.E. ::. 54 
The data for each passage and the reading-ease scores obtained 
are shown in Th.b1e I. 
'Ihe second passage on ratio, (IIB), had 294 words, 19 sentences, 
and 444 syllables. The average sentence length was 15 words and the 
number of syllables per 100 words was 151. 'Ihe readi ng-ease score 
was 64. 
2 7 
TABIE I 
ANALYSIS OF 'IHE FOUR PASSAGES BY 'lliE FLESCH FORMULA 
Passages IA IB IIA liB 
Number of words 330 294 267 25·2 
Number of sentences 19 19 17 14 
Average sentence length 16 15 16 18 
Number of syllables 535 444 425 414 
Number of s.yllables 
per 100 words 162 151 159 164 
Reading-ease 54 64 56 50 
tl 
-
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Flesch interprets reading-ease scores as follows: 
Reading-Ease Description Typical Grade 
Score of Style Magazine Placement 
90 to 100 Very easy Comics 5th 
80 to 90 easy Pulp Fiction 6th 
70 to 80 Fairly Slick Fiction 7th 
Easy 
60 to 70 Standard Digests, ~' 8th & 9th 
Mass non-fiction 
50 to 60 Fairly Harpers lOth to 12th 
difficult Atlantic 
30 to 50 Difficult Academic, 13th to 16th 
Scholarly 
0 to 30 Very Scientific, College Graduate 
difficult Professional 
Fr.an the above scale, IA was classified as fairly difficult and 
of approximate eleventh-grade placement. IIB was standard and of 
approximate beginning ninth-grade placement. IIB, then, was the more 
readable of the two passages according to the formula. 
The first passage on Indirect Measurement (IIA)had 267 words, 17 
sentences, and 425 syllables. The average sentence length was 16 words 
and the number of syllables per 100 words was 159. The reading-ease 
score was 56; fairly difficult, and at the eleventh-grade level. 
The second passage on Indirect Measurement, (IIB), had 252 words, 
14 sentences, and 414 syllables. The average sentence length was 18 
words and the number of syllables per 100 words was 164. The reading-
1. Rudolf Flesch, How to Test Readability, Harper & Brothers, 
New York, 1951, pp. 6, 43 
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ease score was 50; fairly difficult to difficult, grade twelve com-
pleted. Although the difference is not as. great as with the two 
passages on Ratio, IIA was more readable than IIB according to the 
formula. 
An application of the formula to the materials by a member of the 
English Department of the high school showed a slight descreJ:Sncy in 
the number of syllables in each passage from those listed. However, 
the difference was not sufficient to change the reading-ease scores 
stated here. 
II RECORDING OF PUPIL DATA 
As previously stated, the sixty-six pupils tested. were paired as 
to equal or near-equal intelligence quotients. '!he greatest range in 
I. Q. scores between individual pupils of each pair was three points 
and that occur~ed once. Within four pairs there was a difference of 
two points, fifteen pairs had a difference of one point, and eight-
een were identical. 
A further condition of J:Siring was made, ldlere possible, l'lhen 
two pupils having the same I. Q. score were members of the same al-
gebra class. This was possible in 22 of the 33 pairs. However, due to 
absenteeism on the day the test was administered, only 13 pairs of 
students with equal I. Q. scores took the test at the same time. In 
four cases the paired students were tested one period (43 minutes) a-
part; four cases were two periods apart; nine were three periods a-
part; and three w~ five periods apart. Hence, fatigue ma.y be eon-
II 
II 
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sidered as one of the factors affecting the results. 
II T&b1e II, which follows, shows the method of pairing used in 
this study as well as all other data used: 
31_ 
TABLE II 
DATA FOR PUPILS TES 'JED 
Period 8th Gr. I.Q. Test Scores Test Scores 
Pu:eil Tested M:l.rk Scores IB IA Diff. IIA IIB Diff. 
1 6 2 135 8 10 
2 7 1 135 7 +1 10 0 
3 1 1 130 10 10 
4 6 1 129 9 i-1 8 -2 
5 4 2 130 7 7 
6 7 2 130 4 i-3 7 0 
7 4 2 127 9 10 
8 6 2 127 9 0 9 -1 
9 6 1 126 7 9 
10 4 2 126 7 0 9 0 
ll 1 1 125 6 9 
12 4 2 124 8 -2 6 
-3 
13 1 2 ll7 8 9 
14 1 2 115 4 t4 9 0 
15 1 2 ll5 10 9 
16 1 1 114 10 +1 
17 4 1 114 7 9 
18 4 3 113 6 tl 10 i-1 
19 6 1 ll3 6 9 
20 6 3 ill 5 +1 9 0 
21 7 3 lll 4 9 
22 7 2 1ll 6 -2 10 fl 
23 7 3 111 5 8 
24 4 2 110 6 -1 9 +1 
25 1 1 no 9 10 
26 1 2 110 6 
-4-3 9 -1 
27 4 3 100 8 10 
28 6 2 1C!7 8 0 8 
-2 
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TABLE II{Continued) 
DATA FOR PUPILS 'IES 'IED 
Period Sth Gr. I.Q. Test Scores Test Scores 
Pupil Tested J.Brk Scores IB IA Di.ff. IIA IIB Diff. 
57 6 2 92 7 10 
58 7 2 91 -1 9 -1 
59 4 3 91 6 
60 4 3 89 3 t3 4 -4 
61 7 3 sa 5 9 
62 6 4 86 2 t3 6 -3 
63 7 4 85 4 9 
64 4 2 82 5 -1 5 -4 
65 4 3 81 3 5 
66 6 3 Sl 4 -1 6 tl 
An examination of reading-test scores in Table II shows that 
seventeen pupils received a higher score after reading IB, while 
!1 eleven pupils received a higher mark after reading IA. There was no 
difference in five cases. The mean of the test scoree for those 
~ -
J· 
il 
pupils who read passage IB was 6.48 and the standard deviation was 1.65. 
'Ihe mean of IA was 5. 76 and the standard deviation was 1. 95. '!he 
standard deviation for IB was found, as follows, using the data which 
appears in Table III: 
s. D. = i v~ ~d2 _ (:£~d 12 
= lv ~ 
S. D. : 1.65 
The same method was used to compute the standard deviation of 
the test scores for the other passages and for all other standard 
deviations reported in this study. A comparison of the test scores 
for passages IIA and IIB, revealed eleven higher scores for IIA and 
fourteen higher scores for IIB. With eight pairs there was no dif-
ference in the scores. '!he mean of the test scores for passage IIA 
was ?.97 and the standard deviation was 1.73; for passage IIB, the 
mean was 8.42 and the standard deviation was 1.66. 
'I 
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TABLE III 
ARITHMETIC MEANS AND STANDARD DEVIATIONS 
OF READING-TEST SCORES 
IB IA IIA liB 
Scores Frequency Frequency Frequency Frequency 
10 2 0 6 s 
9 2 3 11 11 
8 5 5 5 6 
7 1 5 3 4 
6 8 6 5 3 
I 
I 5 4 4 1 1 
I 4 4 4 2 0 
I. 3 1 4 0 0 
2 0 2 0 0 
I 
I 
I Totals 33 33 3.3 33 
II Means 6.48 5.76 ?.97 8.42 
Standard 
Deviations 1.65 1.95 1.73 1.66 
I 
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Eighteen of the pairs included pupils with different eighth-grade 
marks in mathematics. Eight of the pupils with higher nerks received 
higher scores on both tests than the pupils with the same I. Q., but 
who had lower marks; five had a higher score on one test. One pupil 
with a lower eighth-grade mark than the other received a higher score 
on both tests; six had a higher score on one test. In two pairs of 
equal I. Q., but unequal eighth-grade marks, there were no differences 
on both tests; in three pairs there were no differences on one test. 
From the data. presented in Table IV, the mean of the scores for pupils 
who had an eighth-grade mark of 1 {orA) in mathematics was 7.5 and the 
standard deviation was 1.32 for passage IB; for the same group the 
mean of the scores on IA was 8.0, standard deviation 0.82; the mean 
for IIA was 9.3, standard deviation 0.94; for IIB, the mean was 9.1, 
standard deviation 0.93. The small number of pupils included in this 
group, eleven altogether, prevented an interpretation of the signif-
icance O·f the above figures. 
For the twenty-six pupils who had an eighth grade mark of 2 (orB) 
in mathematics, the mean of the scores for passage .IB was 7.8 and the 
standard deviation was 1.56; the mean for IA was 5.9 and the standard 
deviation 1.81; for IIA the mean was 7.4, atandard deviation 1.43; and 
for IIB the mean was 8.7, standard deviation 1.25. While the number 
of pupils in this group was still small for purposes of comparison, the 
results seem to indicate that passages IB and liB were the more read-
able for this group. 
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For the twenty-four pupils who had an eighth-grade mark of 3 (or C) 
in mathematics, the mean of the scores for passages IB and IA was 5.5 
while the standard deviations for IB was 1.35 and for IA, l$6. '!he 
means for the test scores for passages IIA and IIB similarly showed 
little difference: 8.1 for IIA, and. 7.9 for IIB. The former had a 
standard deviation of 1.87 and the latter, 1.51. 
Five of the pupils had an eighth-grade mark of 4 (or D). Their 
scores and the means are also shown in Table IV. 
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TABLE IV 
I' 
ARITI-IMETIC MEANS AND STANDARD DEVIATIONS OF READING-TEST 
SCORES GROUPED BY EIGH'IH-GRADE MATHEMATICS MARKS 
I 
I Total Standard 
'I Test Scores 10 9 8 7 6 5 4 3 2 Number Mean Deviation 
I, I 
II 
uAtt Pupils I 
IB 1 1 1 3 2 0 0 0 0 8 7.5 1.32 
:I IA 0 1 1 1 0 0 0 0 0 3 8.0 0.82 
IIA 2 0 1 0 0 0 0 0 0 J 9.3 0.94 I 
IIB 3 4 0 1 0 0 0 0 0 8 9.1 0.93 
"B" Pupils 
IB 1 1 .3 2 0 2 0 0 0 9 7.8 1.56 
1: 
IA. 0 1 3 .3 3 2 3 2 0 17 5.9 1.81 
IIA 1 8 2 2 3 1 0 0 0 17 7.4 1.43 
IIB 3 3 0 3 0 0 0 0 0 9 8.7 1.25 
I, 11 C" Pupils 
I IB 0 0 1 2 5 2 3 1 0 14 5.5 1.35 
IA 0 1 1 0 3 2 1 2 0 10 5.5 1.86 
IIA 3 2 2 1 1 0 1 0 0 10 8.1 1.87 
IIB 2 3 , 0 3 1 . 0 0 0 14 7.9 1.51 
"D'' Pupils 
IB 0 0 0 0 1 0 1 0 0 2 5.0 
IA 0 0 0 1 0 0 0 0 2 3 3.7 
IIA 0 1 0 0 1 0 1 0 0 3 6.3 
IIB 0 1 1 0 0 0 0 0 0 2 8.5 
I 
I 
I 
I 
'lhe mean of the l!. Q. scores for the pupils reading passages IB 
and IIB was 105.5; while for those reading passages !A and IIA the mean 
was 104.7. The standard deviation for both groups was 14.2. Reading-
test scores and I. Q. scores were correlated using Spearman's rank order 
formula: 
f = 1 - 62. n2 
N(N2-l) 
For the group reading passage IB: 
f> :. l - 6 X 2508.75 
33 (1089-1) 
~ =-K>.58l 
Correlations for the test scores and I. Q. scores, and the data used, 
are in the following table (V) : 
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I. Q. SCORES AND READING TEST SCORES OF SIXTY-siX ALGEBRA I 
II 
PUPILS AND 'IHE CALCULATION OF 'IHEIR CORRELATION, ZERO ORDER 
I 
I 
II 
I 
Rank order Rank Order 
Test Test 
Score I.Q. Test Score I.Q. Test 
Pupi ls I.Q. IB Score Score IIB Score Score 
1 135 8 l 7 10 1 4.5 
3 130 10 2.5 1.5 10 2.5 4.5 
5 130 7 2.5 13 7 2.5 27.5 
7 127 9 4 3.5 10 4 4.5 
9 126 7 5 13 9 5 13 
11 125 6 6 20.5 9 6 13 
13 117 8 7 7 9 7 13 
15 115 1.0 8 1.5 9 8 13 
17 114 7 9 13 9 9 13 
19 113 6 10 20.5 9 10 13 
21 lll 4 11.5 30.5 9 11.5 1.3 
23 lll 5 11.5 26.5 8 11.5 22.5 
25 110 9 13 3.5 10 13 4.5 
27 100 8 14 7 10 14 4.5 
29 105 6 15 20.5 10 15 4.5 
31 103 8 16.5 7 9 16.5 1.3 
33 103 4 16.5 30.5 g 16.5 22.5 
35 101. 8 18 7 7 18 27.5 
I 
I 
TABLE V (continued} 
I. Q. SCORES AND READING TEST SCORES OF SIXTY-siX ALGEBRA I 
PUPilS AND 'IHE CALCULATION OF 'IHEIR CORRELATION, ZERO ORDER 
Test Rank Order Test Rank Order 
Score I.Q. Test Score I.Q. Test 
f!Upils I.Q. IB Score Score IIB Score Score 
37 99 7 19 13 6 19 .31 
39 98 5 20.5 26.5 7 20.5 27.5 
41 98 7 20.5 13 8 20.5 22.5 
43 97 7 22 13 10 22 4.5 
45 96 4 23.5 30.5 6 23.5 31 
47 96 6 23.5 20.5 6 23.5 31 
49 95 6 25.5 20.5 8 25.5 22.5 
51 95 . 6 25.5 20.5 9 25.5 13 
53 94 5 27 26.5 7 Z7 2?.5 
55 92 6 28.5 20.5 8 28.5 22.5 
57 92 7 28.5 13 10 28.5 4.5 
59 91 6. 30 20.5 8 30 22.5 
61 88 5 31 26.5 9 31 13 
63 85 4 32 30.5 9 32 13 
6.5 81 3 3.3 33 5 33 3.3 
~ -+.581 f = + .4.14 
4 :1 
Pupils 
2 
4 
6 
8 
10 
12 
14 
16 
18 
20 
22 
24 
26 
28 
30 
32 
34 
36 
TABLE V (continued) 
I.Q. SCORES AND READING TEST SCORES OF SIXTY-8IX ALGEBRA I 
PUPILS AND '!HE CALCULATION OF '!HEIR CORRELATION, ZERO ORDER 
Test Rank Order Test Rank Order 
Score I.Q. Test Score I.Q. Test 
I.Q. IB Score Score IIB Score Score 
135 7 1 11 10 1 2.5 
129 9 3 2 8 3 20 
130 4 2 25.5 7 2 24 
127 9 4 2 9 4 12 
126 7 5 11 9 5 12 
124 8 6: 6 6 6 28 
ll5 4 7 25.5 9 7 12 
114 8 8 6 10 8 3.5 
ll3 6 9 16.5 10 9 3.5 
lll 5 10.5 21.5 9 10.5 12 
lll 6 10.5 16.5 10 10.5 3.5 
110 6 12.5 16.5 9 12.5 12 
llO 6 12.5 16.5 9 12.5 12 
l(f{ 8 14 6 8 14 20 
104 5 15 21.5 10 15 3.5 
103 8 16 6 9 16 12 
102 6 17 16.5 8 17 20 
100 3 18 29 6 18 :2S 
·. :12 
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TABLE V (continued) 
I. Q. SCORES AND READING 'lEST SCORES OF SIXTY-siX ALGEBRA I 
PUPILS AND 'IHE CALCULATION OF 'IHEIR CORRELA. TION, ZERO ORDER 
Test Rank Order Test Rank Order 
Score I.Q. Test Score I.Q. Test 
Pupils I.Q. IB Score Score IIB Score Score 
38 98 9 19.5 2 8 19.5 20 
40 97 7 21 11 6 21 28 
42 98 3 19.5 29 7 19.5 24 
44 96 5 22.5 21.5 9 22.5 12 
46 96 3 22.5 32 10 22.5 3.5 
48 95 6 25 16.5 7 25 24 
50 95 7 25· 11 9 25 12 
52 95 2 25 32 4 25 32.5 
54 93 4 Z7 25.5 8 27 20 
56 92 7' 28 11 9 28 12 
58 91 8 29 6 9 29 12 
60 89 3 30 29 4 30 32.5 
62 86 2 31 32 6 31 28 
64 82 5 32 21.5 5 32 31 
66 81 4 33 25.5 6 33 28 
) •+ .414 J =+.467 
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Flesch scores were also correlated with the means of the test-
scores using Spearman's formula. Because of the few items involved, 
however, little value can be placed on the resulting correlation 
figure: } .:::. - .400. 'Ihe tabulation of the data shown in Table VI 
would be useful if further studies are made using the methods of this 
study. 
TABLE VI 
THE CALCULATION OF THE CORRELATION OF READING-TEST SCORES 
AND FLESCH READING-EASE SCORES 
Rank Order 
II 
I 
Test Flesch Test Test Difference I 
Passages score Score Score Score Differences Squared 
IA 5.76 54 1 2 1 1 
IB 6.413 64 2 4 2 4 
IIA 7.97 56 3 3 0 0 
IIB 8.42 50 4 1 3 9 
II 
I 
I 
I 
II 
I 
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III. SUMMARY OF THE CHAPTER 
The Flesch formula indicated that passage IA, with a reading-
ease score of 54 (eleventh-grade level), was more difficult than pass-
age IIB, whose reading-ease score was 64 (eighth-ninth-grade level). 
The mean of the reading test scores on passage IA was 5.8, while for 
passage IB, it was 6.48. 
Passage IIA had a. Flesch score of 56 {eleventh-grade level) and 
the reading-ease score for passage liB was 50 (twelfth-thirteenth-
grade level). The mean of the reading test scores on passage IL~ was 
8.0; for passage liB, it wa.s 8.4. 
The highest I. Q. scores of all the pupils tested were 135; while 
the lowest were 81. The greatest range In I. Q., scores between 
matched pupils was three points. The mean of the I. Q. scores for the 
pupils reading IA and IIA was 104.7; for those reading passages IB 
and liB, it was 105.5. 
The correlations between the I. Q. scores of the pupils and their 
test scores were + .414 for the group reading IA; + • 581 for IB; 
t .467 for IIA; and + .414 for IIB. 
The mean score of pupils who had a.n eighth-grade mark of A in 
mathematics wa.s 8.0 for IA and 7.5 for IB; the mean score of B stu-
dents wa.s 5.9' for IA and 7.8 for IB; for C students 7 5.5 for both 
passages; and D students, 3.7 for IA and 5.0 for IB. 
The mean score of pupils who had an eighth-grade mark of A was 
9.3 for IIA and 9.1 for liB; B students, 7.4 for IIA and 8.7 for liB; 
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C students, 8.1 for IIA and 7.9 for IIB; D students, 6.} for IIA and 
8.5 for IIB. 
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CHAPTER V 
SUMMARY, CONCLUSIONS AND RECO~~~NDATIONS 
I. SUMMARY 
'Ibis study attempted to determine the validity o.f the Flesch 
formula when used to find the reading-ease of mathematical materials. 
For this purpose, a group of ninth-grade students taking a first course 
in algebra were paired according to equal or near-equal reading abil-
i ty. 'IWo passages on the same topic were taken from algebra text- · 
books and judged as to readability by the formula. One pupil in each 
of the pairings received the more readable passage while the other 
received the more difficult passage. The same reading test was ad-
ministered to both groups, and the differences in comprehension between 
the paired individuals as measured by the test were noted. This pro-
cedure was repeated with passages on another topic. This time the 
hard and easy passages were rotated. The passages were again judged 
as to relative readability using pupil-test scores as the criterion. 
'Ihe reading-ease ratings determined by the .formula and by the reading 
tests were then compared. Both methods agreed that passage IB was 
more readable than !A. However, Flesch's formula indicated that IIA 
was more readable than IIB, while the reading tests indicated that the 
reverse was: true. 
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II. CONCLUSIONS 
Is the Flesch formula a valid indicator of readability for ex-
planatory materials in ninth-grade algebra textbooks? Passage IA was 
at the eleventh-grade level of readability and passage IB was at the 
eighth to ninth-grade level according to the Flesch formula. Pupils 
reading passage IA had a mean score of 5.S, while those reading passage 
IB had a mean score of 6.5. In eleven sets of matched pupils with the 
same reading ability, a higher score was made by those reading passage 
IA; in seventeen sets, a higher score was made by pupils who read 
passage IB. Pupils did better on the reading-test after reading the 
passage with the higher reading-ease score. No correlation was ob-
tained between pupil-scores and Flesch scores on the two passages be-
cause of the few cases involved. Further investigations using addition-
al reading passages on ratio are needed to establish the correlation 
between the two results. 
Passage IIA was at the eleventh-grade level of readability and 
passage IIB was at the twelfth to thirteenth-grade level according 
to the Flesch formula. Pupils reading passage IIA had a mean score of 
S.O, while those who read passage liB had a mean score of 8.4. In 
eleven sets of pupils with the same reading ability, a higher score 
was made by pupils reading IIA; in fourteen sets, higher scores were 
made by pupils reading passage liB. Pupils did better on the reading-
test after reading the passage with the lower reading-ease score. 
Several factors may have been responsible for this reversal of t.he 
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Flesch results: (1) failure of the test questions to discriminate 
more accurately between degrees of comprehension, possibly because 
the questions were too easy or too few; (2) the difference in read-
ability of these two passages, as indicated by the Flesch formula, may 
not have been great enough to effect pupil comprehension; (3) fatigue 
and mathematical aptitude, may have been important enough factors to 
overcome the slight difference in readability. 
The mean score for the test on ratio of pupils with an eighth-
grade mark of A in mathematics was 7.8; for B students, it was 6.9; for 
C students, 5.5; and for D students, 4.4. The mean scores on the test 
on indirect measurement similarly showed a tendency for pupils with 
greater mathematical ability to get higher scores on the reading-tests: 
II 
A students, 9.2; B students, 8.1; C students, 8.0; D students, 7.4. The 1 
influence of mathematical aptitude in the comprehension of the type 
of material used in this study may be of even greater importance than 
it appears here, since the Flesch formula considers mathematical terms, 
symbols, and numbers as having the same difficulty as common words of 
the same length. Obviously, a reader familiar with mathematics has 
an advantage regardless of reading ability. 
In brief, it would appear, f'rom this study, that a marked differ-
ence in reading-ease scores, obtained by the Flesch formula, may well 
I 
indicate that a difference in pupil comprehension due to readability 11 
can be expected. When the Flesch scores indicate that materials are 
nearly equal in rea.dabili ty, other facto,rs, such as ma.thema. tical a.bil-
ity and fatigue, may be important enough to influence pupil comprehension. 
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III. RECOMMENDATJI:ONS FOR FUR'IHER STUDY 
A. Further application of the techniques and procedures to 
larger samples of pupils are needed to substantiate the conclusions 
arrived at from this study. 
B. The validity of the formula should be tested by other methods 
than were used in this investigation. One possible method would be 
a comparison of the results of other :formulas with those obtained by 
the Flesch :formula. 
C. Further application of the techniques and procedures of this 
study to additional passages on ratio and indirect measurement are 
needed to establish correlations with the Flesch scores. 
D. The techniques and procedures should be applied to other 
mathematics materials and at different levels. 
E. An investigation into the importance of the second part of 
the Flesch formula--human interest--would be valuable. 
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APPENDIX 
• 
NOTE: 
PASSAGE 
IA 
IB 
IIA 
IIB 
The reading passages on the pa.ges following were taken and 
adapted from the sources listed below: 
William Betz, Everyday Algebra, Elementary Course, Ginn and 
Company, Boston, 1946, pp. 289-90 
Frank M. Morgan, and Burnham L. Paige, Algebra I, Henry Holt 
and Company, New York, 1953, pp. 407-8 
Daymond J. Aiken, and Kenneth B. Henderson, Algebra, Its 
Big Ideas and Basic Skills, Book I, McGraw-Hill Book Company, 
Ine., New York, 1950, pp. 338-9 
Rolland R. Smith, and Francis G. Lankford, Jr., Algebra One, 
World Book Company, Yonkers-on-Hudson, New York, 1955, pg. 377 
IA-'IHE MEANING OF RATIO 
Since we are living in a world of changes, there are many everyday situations 
that force us to make comparisons. 'Ne shall now review the principal ways in 
which numerical comparisons are made. 
One year the Clark family paid an income tax of $200, and the Smith family 
paid $600. How do these payments compare? In making this comparison, we may say 
(1) that the Smith family paid $400 more than the Clark family, or (2) that the 
Smith family paid three times as much as the Clark family. 
Observe that in the illustrative example the comparison can be based either 
on subtraction or on division. When we compare two numerical values by division, 
thus stating how many times one contains the other, or is contained in the other, 
we are using the ratio method. 
In the example above, the ratio of $600 to $200 is ~_QQ, or 3. That is, 600 
. ~ 
is 3 times as large as 200. 
A ratio is a. comparison to two numbers by the method of division. 
In general, the ratio of a to b is the quotient a. The ratio of a. to b 
'D 
is also written in the fonn a:b. Thus "the ratio of 3 to 4" may be indicated by 
writing either ~ or 3:4. 
4 
Since a ratio arises when we compare two numerical values by division, ratios 
may be looked upon as fractions. Hence, problems involving ratios are readily 
solved by using the methods that apply in the case of fractions. 
For example, the ratio of 9 to 15 is at once seen to be equal to the ratio 
of 3 to 5, since .2 - 2 
15 - 5 
If two quantities of the same kind are to be compared by the ratio method,. 
we must be sure, first, to express each of them in the terms of the same unit. 
'!hue, the ratio of 1 ft. to 4 in. is not !,but 12, or 3, since 1 ft. con-
4 4 
tains 12 inches. 
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IB-'IHE MEANING OF RATIO 
At the first assembly of the new school year, Mr. King, the principal of 
Newtown High School, made the following announcement: "This year, the ratio of 
boys to girls is 6.5 to 5." 'lhat morning when Mrs. Day met her algebra class, 
she said, "Can someone explain Mr. King's remark?" 
"Yes, 11 said John, 11tt means that for every five girls in school, there are 
six and one-half boys." 
"''lhat is correct,"' said Mrs. Day, "but will someone explain how we can 
have half a boy?" 
Mary spoke up and said, "I think it would be clearer iE we said that 
there are thirteen boys in school to every ten girls." The class agreed that 
Mary's explanation 16S much clearer. 
A ratio is the quotient of two numbers. For example, the ratio of x to 
y is written x:y or~· 
y 
is 1. of 60. 
3 
Thus the ratio of 20 to 60 is ,gQ or,!, which means 20 
60 3 
It is important to keep in mind the fact that a ratio is a fraction. 
Therefore, all principles relating to fractions may be applied to ratios. For 
example, the value of a ratio is not changed if its terms are multiplied or 
divided by the same number {not zero). This is the principle Ma.ry used. 
'Ihus, 
6.5:=.!2-:::: 26~ ~' a.nd so on. 
5 10 20 bO 
When you compare two quantities by dividing one by the other, you are finding 
their ratio. 
If two numbers are to be compared by means of a. ratio, they must repre-
sent like quantities. For example, the ratio of 3 miles to 10 gallons is 
meaningless. Moreover, the ratio of 4 inches to 1 foot is not 4 to 1, but 4 
to 12, for both lengths must be expressed in the same unit. 
Name. ____________________ __ 
Test on i•'IHE MEANING OF RATIO" 
Directions: Place the letter of your answer in the space provided at the right. 
I ·which o·f the following statements sums up the entire article best: I:..-____ __ 
A. A proportion is a statement that one ratio equals another. 
B. Both numbers used in a ratio must be eocpressed ·in the same units. 
C. A comparison of two numbers may be made by finding their difference. 
D. A comparison of two numbers by division is called a ratio. 
E. All principles applying to fractions apply to ratios. 
II Which of the above statements is not discussed in the article? II 
·------
III One way of indicating a ratio is by using the· symbol: 
A. , B. 1 C. X D. : E. .f. • III;._ __ 
IV The following pair of units may be found in the same ratio: 
A. 12 inches; 2 feet B. 1 foot; 2 feet C. 3 miles; 3 yards 
D. 1 foot; 24 inches E. 2000 pounds; 1 ton. 
V Another word that could be used for ratio is: 
A. relation B. subtraction C. example D. reduction 
E. multiplication 
VI The ratio of 3 inches to 2 feet would be expressed as: 
A. l B. L c • .:2 D.B E. 2:). 
2 24 . 2 
VII The word "quotient" as used in this article means: 
A. product B. remainder C. sum of numbers D. result of 
division E. quota 
VIII '!he word Jtunits" refers to: 
A. mea surement B • . numbers C. amount of work D. army groups 
IV ___ _ 
v ____ _ 
VI:__ __ _ 
VII:-__ _ 
E. individuals. VIII ._ __ _ 
IX 'Ihe ratio of 4 to B is the same as : 
A. B:4 B. 1:2 C. 16 D. 2:1 E. 16:8. IX. __ _ 
a 
X Which of the following words could be substituted for the word 
"quantity" as it appears in this article? 
A. volume B. strength C. quota D. substance E. meas~rement X _____ _ 
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IIA-INDIRECT MEASUREMENT 
You could take a yardstick and measure directly your height or the width 
of a room; you could take a tape measure and mark off 100 yards for a foot race. 
But you could not take any of these measuring devices and find the distance to 
the moon, or the length of a projected tunnel through a mountain. Tb find dis-
tances like these you would need an indirect measuring device of some sort. 
There are many methods of finding distance and other measurements indirectly. 
Perhaps you have found the height of a tree by measuring the length of its shadow 
and the length of the shadow of a stake, whose height you know, and then using 
a ratio. The method we wish to consider here is that of measuring distances by 
the use of angle and triangle relationships. 'Ihis method ·is usually referred to 
as trigonometry. 
The word trigonometry means "measuring by triangles. ,. It is a big idea in 
mathematics, for its use is not limited to triangles but is far-reaching in its 
application. Tb cite a few examples of the use of trigonometry: (1) astronomers 
measure the distance from the earth to heavenly bodies like the sun, moon, and 
planets by trigonometry; (2) surveyors determine distances, measure heights, and 
establish boundaries; (3) engineers collect data for building bridges and digging 
tunnels; and (4) electrical engineers use some of the same trigonometric laws in 
studying and applying .facts about alternating currents in electricity. 
The study of trigonometry is mairily about three things: angles, tri-
angles, and ratios. 
liB-INDIRECT MEASUREMENT 
You have already learned some ways of finding distances or lengths with-
out first measuring them directly. For example, when you used the Law of 
Pythagoras to find one side of a right triangle with the length of the other 
two sides known, you were finding a length indirectly. You use indirect measure-
ment whenever you compute a length from other measurements that have been made 
directly or are known for some other reason. You use indirect measurement when 
you use proportions in shadow reckoning to find heights of trees, buildings, 
poles, and other objects. You use measured lengths of shadows and known heights 
of posts to compute heights you cannot conveniently measure directly. 
There are many uses of indirect measurements. Surveyors find the lengths of 
tunnels before actual construction starts, or the heights of mountains without 
climbing, or the widths of rivers without crossing. Navigators of ships and 
airplanes must constantly make indirect measurements to keep on their courses. 
Astronomers also must use indirect measurements as they measure distances be-
tween stars and planets, or calculate when an eclipse will take place and where. 
In this chapter you will learn how to use trigonometric ratios to make 
indirect measurements. Trigonometry is a highly useful branch of mathematics. 
It is based primarily on the principle of similar triaggles. The word means 
triangle (trigon) measurement (metric). In this chapter we will deal only 
with right triangles, but in later courses in mathematics you will learn how 
to use trigonometric ratios and other relationships in any triangle. 
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Name __________________ _ 
'JEST ON "INDIRECT MEASUREMI!:NT" 
Directions: Place the letter of your answer in the space provided at the right. 
I Which of the following statements sums up the entire article best? 
A. Astronomers use trigonometry in their work. 
B. Indirect measurement is us·ed to find dist.ances that 
can't be measured by usual means. 
C. Trigonometry is a branch of mathematics that is used 
in indirect measurement. 
D. Ratios are important in indirect measurement. 
E. Trigonometry was used by the Egyptians to build their 
pyramids. I~---------
II "Vinich statement above is not discussed in the article? II 
--------
III Which of the following would most likely be used in 
direct measurement? 
A. Angles· 
C. Ratios 
B. Triangles 
E. Shadows 
C. Yardsticks 
IV The word trigonometry means measurement by 
A. 
D. 
angles 
ratios 
B. triangles 
E. shadows 
c. yardsticks 
V Indirect measurement must be used to find the 
A. distance to the next town. B. length of a bridge. 
C. volume of a box. D. distance to the North Star. 
E. length of a piece of string. 
VI A triangle is 
A. a rectangle. B. a measuring instrument. 
C. a three-sided figure. D. a mathematical problem. 
E. a kind of ratio. 
VII Indirect measurement would be used to find heights of 
mountains by 
A. doctors B. astronomers C. navigators D. electrical 
III;__ ___ _ 
rv ________ _ 
v ________ _ 
VI:....------
engineers E. surveyors VII~----------
Name ________________ __ 
VIII Which of the following statements is true? 
A. Trigonometry is used only by astronomers. 
B. Direct measurement can be used to find the distance 
to M9.rs. 
C. Atoms can be measured by direct measurement. 
D. The height of a flag-pole can be found by indirect 
measurement. 
E. Ratios are not used in trigonometry. 
IX Which of the following would most likely be used in 
indirect measurement? 
A. . Th.chometer B. 'Iriangle C. Scale D. Ruler 
E. Circle 
X The width of this paper can be found best by 
A. Direct measurement B. Trigonometry C.Ratios 
C. Angles E. Indirect measurement. 
VIII;.__ ___ _ 
IX;.._ ___ _ 
X;.._ ___ _ 
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